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FRQWDLQLQJWKHFUXGHSHWUROHXPHPXOVLRQZHUHLPPHUVHGLQDZDWHUEDWKDWWKHWHPSHUDWXUH
RI& IRUPLQXWHV IRU WHPSHUDWXUHVWDELOL]DWLRQSSPRI WKHGHHPXOVLILHUZDV WKHQ
LQMHFWHGLQWRHDFKERWWOHXVLQJDPLFURSLSHWWHDQGXQLIRUPO\DJLWDWHGE\RYHUWXUQLQJWLPHV
7KHERWWOHVZHUHSXWEDFNLQWKHZDWHUEDWKIRUPLQXWHVDIWHUZKLFKWKH\ZHUHSODFHGLQD
FHQWULIXJHVHWDWUSPIRUPLQXWHV
6FUHHQLQJRI FRPPHUFLDOGHHPXOVLILHU
7KHFRPPHUFLDOGHHPXOVLILHUZDVDOVRVFUHHQHGDW&DVGLVFXVVHGLQVHFWLRQ
ZKLOHYDU\LQJUHVLGHQFHWLPHZLWKDQLQWHUYDORIPLQXWHVIURPPLQXWHV7KHYROXPHRI
ZDWHUDQGRLOVHSDUDWHGIURPWKHHPXOVLRQV\VWHPZDVREVHUYHGDQGWKHZDWHUVHSDUDWLRQ
FDOFXODWHGXVLQJHTXDWLRQ
Ψࢂ࢕࢒࢛࢓ࢋ࢕ࢌ࢝ࢇ࢚ࢋ࢘࢙ࢋ࢖ࢇ࢘ࢇ࢚ࢋࢊ ൌ ࢜࢕࢒࢛࢓ࢋ࢕ࢌ࢝ࢇ࢚ࢋ࢘࢙ࢋ࢖ࢇ࢚࢘ࢋࢊ
ࢀ࢕࢚ࢇ࢒࢜࢕࢒࢛࢓ࢋ࢕ࢌ࢝ࢇ࢚ࢋ࢘࢏࢔࢚ࢎࢋࢋ࢓࢛࢒࢙࢏࢕࢔

5HVXOWVDQGGLVFXVVLRQV
(IIHFWRIPROHUDWLRRQWKHSHUIRUPDQFHRISKHQROIRUPDOGHK\GHGHHPXOVLILHU
6FUHHQLQJDQDO\VLVRIIRUPXODWHGGHHPXOVLILHUVZDVGRQHXVLQJWKHERWWOHWHVWPHWKRG
7KHUHVXOWVREWDLQHGDUHVKRZQLQ)LJXUH
)URP)LJXUHWKHSHUFHQWDJHYROXPHRIZDWHUVHSDUDWHGLQFUHDVHGVWHDGLO\WRDPD[LPXP
YDOXHRIDWSKHQROWRIRUPDOGHK\GHPRODUUDWLRRI,WZDVREVHUYHGWKDWDIXUWKHU
LQFUHDVHLQWKHPRODUUDWLREH\RQGUHVXOWVLQDGHFOLQHLQWKHHIILFLHQF\RIZDWHUVHSDUDWLRQ
RIWKHUHVROHGHHPXOVLILHU7KLVLVLQFRQIRUPLW\ZLWKWKHZRUNRIRWKHUUHVHDUFKHUV>@WKDWWKH

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SHUIRUPDQFHRIUHVROHGHHPXOVLILHUVLQFUHDVHVZLWKLWVPRODUUDWLRRIIRUPDOGHK\GHUHODWLYHWR
SKHQRO7KLVLVEHFDXVHPHWK\OROFRQWHQWRIUHVROHGRQRWRQO\LQFUHDVHZLWKLQFUHDVLQJPRODU
UDWLRRIIRUPDOGHK\GHLWLVDOVRVROXEOHLQWKHDTXHRXVSKDVHRIWKHFUXGHRLOHPXOVLRQPDNLQJ
PRUHRIWKHGHHPXOVLILHUDYDLODEOHDWWKHLQWHUSKDVHWRDOWHUWKHVXUIDFHWHQVLRQ7KLVDFWLRQ
SURPRWHVWKHUDSLGFRDOHVFHQFHRIZDWHUGURSOHWVDQGKHQFHZDWHUVHSDUDWLRQ ,WZDVDOVR
VHHQWKDWDIXUWKHULQFUHDVHLQWKHPROHUDWLREH\RQGUHVXOWVLQDGHFOLQHLQWKHHIILFLHQF\
RIZDWHUVHSDUDWLRQRIWKHGHHPXOVLILHU7KLVDJUHHVZLWK+DQDSLHWDO >@ZKRVXJJHVWHG
WKDWWKH)3UDWLRRIUHVROHUHVLQVEHOLPLWHGWRWRDYRLGLQYHUVLRQLQVROXELOLW\
)LJXUH(IIHFWRIPROHUDWLRRQSHUIRUPDQFHRIUHVROH
(IIHFWRIGHHPXOVLILHUVEOHQGRQGHHPXOVLILFDWLRQSURFHVV
3KHQROIRUPDOGHK\GH GHHPXOVLILHUV SURGXFHGZHUH EOHQGHGZLWK D SRO\HVWHUEDVHG GH
HPXOVLILHUWRSURGXFHDQHZVHWRIGHHPXOVLILHUVWKDWZHUHVFUHHQHGVRDVWRGHWHUPLQHWKHLU
HIIHFWLYHQHVVLQVHSDUDWLQJFUXGHRLOHPXOVLRQV7KHUHVXOWVDUHVKRZQLQ)LJXUHV
)LJXUH  7KHHIIHFWRIEOHQGRIUHVROHDQGSRO\HVWHUVDPSOHRQGHHPXOVLILFDWLRQ
)URP)LJXUHLWZDVREVHUYHGWKDWWKHGHHPXOVLILHUEOHQG)PDGHRI)3DQG
SRO\HVWHUVDPSOHJDYHWKHRYHUDOOEHVWSHUIRUPDQFHLQWKHGHHPXOVLILFDWLRQSURFHVVUXQ
7KHPD[LPXPSHUIRUPDQFHZDWHUVHSDUDWLRQRIRFFXUUHGDWDEOHQGRIVDPSOH
)DQGVDPSOH7KHEOHQG$PDGHRI)3DQGSRO\HVWHUVDPSOHSURGXFHGWKH
OHDVWSHUIRUPDQFH7KLVVXJJHVWVWKDWWKHKLJKHUWKHPRODUUDWLRRI)3GHHPXOVLILHULQWKH
EOHQGVWKHKLJKHUWKHHIILFLHQF\RIWKHGHHPXOVLILHU%OHQG(PDGHRI)3DQGSRO\

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HVWHUVDPSOHZDVVHHQWRFRPSOHWHO\RYHUODSZLWKEOHQG)DWWKHKLJKHUEOHQGUDWLRV7KLV
VKRZVWKDWWKHRSWLPXPEOHQGIRUPD[LPXPZDWHUVHSDUDWLRQOLHVEHWZHHQWKHEOHQGV(DQG)
)LJXUH7KHHIIHFWRIEOHQGRIUHVROHDQGSRO\HVWHUVDPSOHRQGHHPXOVLILFDWLRQ
)LJXUH7KHHIIHFWRIEOHQGRIUHVROHDQGSRO\HVWHUVDPSOHRQGHHPXOVLILFDWLRQ
)LJXUHVDQGIROORZH[DFWO\WKHVDPHSDWWHUQDV)LJXUH([FHSWWKDW)LJXUHDUHEOHQGV
SURGXFHGIURPUHVROHVDPSOHVDQGSRO\HVWHUVDPSOHZKLOH)LJXUHDUHEOHQGVSURGXFHGIURP
UHVROHGHHPXOVLILHUVDPSOHVDQGSRO\HVWHUVDPSOH7KHSRO\HVWHUVDPSOHVZHUHREWDLQHGDW
GLIIHUHQWUHDFWLRQWHPSHUDWXUHV±VDPSOHZDVSURGXFHGDWDWHPSHUDWXUHRIR&VDPSOH
DWR&DQGVDPSOHDWR&)URP)LJXUHV±GHHPXOVLILHUVDPSOHVREWDLQHGE\
EOHQGV RI UHVROH DQG SRO\HVWHU SURGXFHG DW KLJKHU WHPSHUDWXUHV JHQHUDOO\ SHUIRUPHGEHVW
FRPSDUHGWRWKHRWKHUV7KHLQFUHDVLQJRUGHURISHUIRUPDQFHLV$$$&&&
)))HWF7KHUHZDVDQRYHUDOOLPSURYHPHQWLQSHUIRUPDQFHFRPSDULQJWKHLQGLYLGXDO
UHVROHGHHPXOVLILHUVZLWKWKHEOHQGHGGHHPXOVLILHUV)URP)LJXUHWKHKLJKHVWSHUFHQWDJH
ZDWHUVHSDUDWLRQREWDLQHGIRUWKHLQGLYLGXDOUHVROHGHHPXOVLILHUVZDVZKLOHIRUVRPHRI
WKHEOHQGHGGHHPXOVLILHUV(DQG)UHVSHFWLYHO\JDYHDQGZDWHUVHSDUDWLRQHIIL
FLHQF\DVVHHQLQ)LJXUH%XWLQ)LJXUHDOOWKHEOHQGHGVDPSOHVSHUIRUPHGEHWWHUWKDQWKH
LQGLYLGXDOUHVROHGHHPXOVLILHUV7KHKLJKHVWZDVZDWHUVHSDUDWLRQHIILFLHQF\IRU)
IRU'IRU(IRU&IRU%DQGIRU$
)URP)LJXUHVWRWKHPD[LPXPYDOXHRISHUFHQWDJHZDWHUVHSDUDWLRQIRUDOOWKHEOHQGV
H[FHSWIRU$RFFXUUHGDWDEOHQGRIUHVROHDQGSRO\HVWHUVDPSOHV$QGLQDOOWKH

3HWUROHXPDQG&RDO
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WKUHHUXQVUHSUHVHQWHGE\)LJXUHVWRUHVSHFWLYHO\WKH))DQG)EOHQGVJDYHWKHEHVW
ZDWHUVHSDUDWLRQRIDQG
7KHHIIHFWRIVROYHQW[\OHQHEOHQGZLWKGHHPXOVLILHU)RQGHHPXOVLILFDWLRQ
7KHHIIHFWRILQWURGXFLQJDVROYHQWWRWKHEHVWEOHQGHGGHHPXOVLILHURQZDWHUVHSDUDWLRQ
HIILFLHQF\ZDVFDUULHGRXWXVLQJ[\OHQH+HUH[\OHQHZDVPL[HGZLWK));LQLQFUHDVLQJ
SHUFHQWDJHRUGHURIDQGDVDPRGLI\LQJDJHQWWR IXUWKHU
HQKDQFHLWVSHUIRUPDQFH)LJXUHVKRZVWKHSHUIRUPDQFHRIWKH[\OHQH)EOHQGVRQWKHGH
HPXOVLILFDWLRQRIWKH1LJHULDQFUXGHRLOHPXOVLRQ
)LJXUH  VKRZV WKDW WKH ZDWHU VHSDUDWLRQ HIILFLHQF\ LQFUHDVHV ZLWK LQFUHDVLQJ [\OHQH
FRQFHQWUDWLRQXSWRDIWHUZKLFKVXEVHTXHQWLQFUHDVHUHVXOWHGLQDVWHDG\GHFOLQHLQGH
HPXOVLILHUHIILFLHQF\0D[LPXPZDWHUVHSDUDWLRQRIZDVREWDLQHGDWDEOHQGRI
[\OHQHDQG)GHHPXOVLILHU,WZDVREVHUYHGIURP)LJXUHWKDWDOOWKHEOHQGVSURGXFHG
EHWWHUZDWHUVHSDUDWLRQWKDQMXVW)DORQHVKRZQDVLQWHUFHSWRQWKH<D[LV7KHVHUHVXOWV
DUHLQDJUHHPHQWZLWKWKHUHVXOWVREWDLQHGE\RWKHUUHVHDUFKHUV>@ WKDWFRVROYHQWRUVROYHQW
DGGLWLRQHQKDQFHVGHHPXOVLILFDWLRQSURFHVV
)LJXUH7KHHIIHFWRIVROYHQW[\OHQHRQGHHPXOVLILHUSHUIRUPDQFH
&RPSDULVRQZLWKFRPPHUFLDOGHHPXOVLILHU
7KHFRPPHUFLDOGHHPXOVLILHUZDVVFUHHQHGDQGWHVWHGDJDLQVW);VXEMHFWWRWKHVDPH
ERWWOHWHVWFRQGLWLRQV+HUHUDWHRIZDWHUVHSDUDWLRQDQGSHUFHQWDJHZDWHUVHSDUDWLRQZHUH
PHDVXUHG)LJXUHVKRZVWKHFRPSDUDWLYHWHVWVFDUULHGRXWRQERWKGHHPXOVLILHUV,WZDV
REVHUYHGIURP)LJXUHWKDWUDWHRIZDWHUVHSDUDWLRQPHDVXUHGIRUPLQXWHVDWLQWHUYDOVRI
PLQXWHVZDVKLJKHUIRU);WKDQWKHFRPPHUFLDOGHHPXOVLILHU$OVRWKHSHUFHQWDJHZDWHU
VHSDUDWLRQHIILFLHQF\ZDVFRPSDUHGWRIRU);GHHPXOVLILHU
)LJXUH &RPSDULVRQRI);GHHPXOVLILHUEOHQGZLWKDFRPPHUFLDOGHHPXOVLILHU

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
,661 DQ RSHQDFFHVVMRXUQDO
'HWHUPLQLQJWKHIDFWRUVZKLFKKDYHWKHPRVWVLJQLILFDQWHIIHFW
7KHUHVXOWVREWDLQHGIURPVFUHHQLQJDQDO\VLVRIWKHIRUPXODWHGDQGFRPSRXQGHGGHHPXO
VLILHUVZHUHIXUWKHUDQDO\VHGXVLQJ0LQLWDE7KLVZDVWRGHWHUPLQHZKLFKRQHRUFRPELQHG
IDFWRUVPROHUDWLREOHQGUDWLRDQGSRO\HVWHUVDPSOHKDYHWKHPRVWSURQRXQFHGHIIHFWRQGH
HPXOVLILFDWLRQ$3DUHWR&KDUW1RUPDO(IIHFWVDQG&RQWRXU3ORWVZHUHXVHGIRUWKHDQDO\VLV
3DUHWR3ORW
7KH3DUHWRFKDUWZDVXVHGWRGHWHUPLQHZKLFKIDFWRUVKDYHVWDWLVWLFDOO\VLJQLILFDQWHIIHFWV
RQWKHUHVSRQVHRUSHUFHQWDJHZDWHUVHSDUDWLRQ7KHUHIHUHQFHUHGOLQHLQGLFDWHGRQWKHFKDUW
KHOSHGWRLGHQWLI\ZKLFKHIIHFWVZKHWKHUVLQJO\RUFRPELQHGDUHVLJQLILFDQWWRWKHUHVSRQVH
7KHIDUWKHUDIDFWRULVIURPWKHUHGOLQHWKHPRUHVLJQLILFDQWLWVLPSDFWRIWKHUHVSRQVH)URP
WKH3DUHWR&KDUWLQ)LJXUHLWZDVVHHQWKDWPROHUDWLR$KDVWKHPRVWVLJQLILFDQWLPSDFW
RQWKHYROXPHRIZDWHUH[SHOOHGIURPWKHHPXOVLRQIROORZHGE\EOHQGUDWLRV%DQGWKHFRPEL
QHGHIIHFWRIEOHQGUDWLRWHPSHUDWXUHRILQZKLFKWKHSRO\HVWHUVDPSOHZDVSUHSDUHG%&
)LJXUH 3DUHWRSORWRIWKHHIIHFWVRIYDULRXVIDFWRUVRQHIILFLHQF\RIGHHPXOVLILHU
1RUPDO3ORW
7KH1RUPDOHIIHFWVSORW)LJXUHZDVXVHGWRFRPSDUHWKHUHODWLYHPDJQLWXGHDQGWKH
VWDWLVWLFDOVLJQLILFDQFHRIERWKWKHPDLQDQGLQWHUDFWLRQHIIHFWV7KHIDFWRUVWKDWKDYHVLJQL
ILFDQWHIIHFWVDUHVKRZQLQUHGDQGWKRVHZLWKRXWVLJQLILFDQWHIIHFWVDUHVKRZQLQEOXH7KH
IXUWKHUDIDFWRULVIURPWKHUHGOLQHWKHPRUHVLJQLILFDQWWKHHIIHFWLWKDVRQWKHFRUUHVSRQGLQJ
UHVSRQVH
)LJXUH1RUPDOHIIHFWVSORWIRURSWLPL]DWLRQRIHIILFLHQF\

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)URP)LJXUHLWZDVREVHUYHGWKDWWKHPROHUDWLR$DWZKLFKWKHUHVROHVZHUHSURGXFHG
KDVWKHPRVWVLJQLILFDQWHIIHFWRIDQGUHODWLYHPDJQLWXGHRI7KHEOHQGUDWLR%DQG
WKHFRPELQHGHIIHFWRIWKHEOHQGUDWLRDQGWHPSHUDWXUHRISRO\HVWHUW\SH%&SURGXFHGWKH
VDPHHIIHFWRIEXWUHODWLYHPDJQLWXGHVRIDQGUHVSHFWLYHO\RQWKHGHHPXOVLILFDWLRQ
SURFHVV
&RQWRXUSORW
$FRQWRXUSORW)LJXUHLVDJUDSKXVHGWRGHWHUPLQHWKHSRWHQWLDOUHODWLRQVKLSEHWZHHQ
WKUHHYDULDEOHV&RQWRXUSORWVH[KLELWWKHGLPHQVLRQDOUHODWLRQVKLSLQWZRGLPHQVLRQVZLWK
[DQG\IDFWRUVSUHGLFWRUVSORWWHGRQWKH[DQG\VFDOHVDQGUHVSRQVHYDOXHVUHSUHVHQWHG
E\FRQWRXUV
)LJXUH&RQWRXU3ORWVRI9ROXPH
)URP)LJXUHWKHSORWVVKRZWKHHIIHFWVRIPROHUDWLREOHQGUDWLRDQGWHPSHUDWXUHRI
SRO\HVWHURQWKHYROXPHRIZDWHUH[SHOOHGIURPWKHFUXGHRLOHPXOVLRQ7KHILUVWSORWVKRZHG
WKH FRPELQHG HIIHFW RI EOHQG UDWLR DQGPROH UDWLR LI WHPSHUDWXUH RI SRO\HVWHU ZHUH NHSW
FRQVWDQWDW&7KHGDUNHVWJUHHQUHJLRQUHYHDOHGWKHEOHQGUDWLRDQGPROHUDWLRLQWHU
DFWLRQWKDWZLOOFDXVHWKHKLJKHVWDPRXQWRIZDWHUWREHH[SHOOHGIURPWKHFUXGHRLOHPXOVLRQ
ZKLOHWKHGDUNEOXHUHJLRQVKRZHGWKHFRPELQDWLRQZLWKWKHOHDVWHIIHFW3ORWZKLFKVKRZHG
WKHFRPELQHGHIIHFWRIWHPSHUDWXUHRISRO\HVWHUDQGPROHUDWLRZKHQWKHEOHQGUDWLRZDVKHOG
FRQVWDQWDWDQGSORWZKLFKVKRZHGWKHHIIHFWRIWHPSHUDWXUHRISRO\HVWHUDQGEOHQGUDWLR
ZKHQPROHUDWLRZDVNHSWFRQVWDQWDWSURGXFHGVLPLODUHIIHFWVLQGLFDWHGE\WKHFRQWRXUV
7KHGDUNHVWJUHHQVKRZHGWKHUDQJHRIWHPSHUDWXUHVDQGPROHUDWLRVLQZKLFKWKHLUFRPELQHG
HIIHFWZLOOEHVLJQLILFDQW7KHGDUNHUEOXHVKRZHGWKHUDQJHVZKHUHWKHFRPELQHGHIIHFWRI
WHPSHUDWXUHDQGPROHUDWLRZLOOEHLQVLJQLILFDQW([DFWO\WKHVDPHWUHQGZDVREVHUYHGIRUSORW
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